Abstract: This article reviews recent studies in which human judgements of essay quality are assessed using Coh-Metrix, an automated text analysis tool. The goal of these studies is to better understand the relationship between linguistic features of essays and human judgements of writing quality. Coh-Metrix reports on a wide range of linguistic features, affording analyses of writing at various levels of text structure, including surface, text-base, and situation model levels. Recent studies have examined linguistic features of essay quality related to co-reference, connectives, syntactic complexity, lexical diversity, spatiality, temporality, and lexical characteristics. These studies have analysed essays written by both first language and second language writers. The results support the notion that human judgements of essay quality are best predicted by linguistic indices that correlate with measures of language sophistication such as lexical diversity, word frequency, and syntactic complexity. In contrast, human judgements of essay quality are not strongly predicted by linguistic indices related to cohesion. Overall, the studies portray high quality writing as containing more complex language that may not facilitate text comprehension.
Introduction
The quality of a writing sample rests in the judgements made by the reader. In most cases, trained readers assess writing quality and the value they assign to that writing can have important consequences to the writer. Such consequences are especially evident in the values attributed to writing samples used in student evaluations (i.e., class assignments) and high stakes testing such as the scholastic aptitude test (SAT), the test of English as Foreign language (TOEFL), and the graduate record examination (GRE).
Our goal is to better understand how the linguistic features present in writing samples help explain human judgements of text quality for both first language (L1) and second language (L2) writers of English. We focus not only on holistic essay scores, but also on human scores of analytic text features (e.g., strength of thesis statement, continuity, reader orientation, relevance, conclusion strength, and mechanics). Understanding the textual features that underlie text quality can assist in understanding the linguistic processes involved in essay rating as well as help improve the type of feedback that writers receive (be it through teacher consultation or computer mediated feedback).
In this paper, we report on a series of studies that compare computational indices taken from the computational tool Coh-Metrix (Graesser et al., 2004; Graesser and McNamara, in press; McNamara and Graesser, in press) to human judgements of text quality. The automated indices reported by Coh-Metrix relate to broadly to lexical sophistication, syntactic complexity, and text cohesion. The results from these studies indicate that human judgements of text quality are best predicted by linguistic indices that correlate with measures of language sophistication such as lexical diversity, word frequency, and syntactic complexity. By contrast, human judgements of text quality are not strongly predicted by linguistic indices related to cohesion or models of text comprehension; however, human analytic scores of coherence are important predictors of overall essay quality. Broadly speaking, the studies reported in this paper portray high quality writing as containing more complex language that may not facilitate reading rate or text comprehension.
Writing development
Writing development is an important element of a student's educational career and a major component of high-stakes tests, which require higher order writing skills (Jenkins et al., 2004) . Students who fail to develop appropriate writing skills in school may not be able to articulate ideas, argue opinions, and synthesise multiple perspectives, all skills essential to communicating persuasively with others, including peers, teachers, co-workers, and the community at large (Connor, 1987; Crowhurst, 1990; National Commission on Writing, 2004) .
The majority of research that focuses on writing skills generally investigates cognitive and behavioural processes that occur during writing such as planning, translating, reviewing, and revising . That is to say, most writing assessment research centres on the process of writing and not the product of writing (Abbott and Berninger, 1993) . As an exception, the written product is of greater interest for researchers who focus on neurodevelopmental or linguistic processes (Berninger et al., 1991) . Neurodevelopmental processes include the coding of orthographic information, finger movements, and the production of letters . Linguistic processes include linguistic knowledge at the word, syntactic, and discourse levels (Berninger et al., 1992) .
Neurodevelopmental processes are generally acquired by the end of childhood , whereas linguistic processes continue to develop at most stages of writing development (Berninger et al., 1992) . While children are acquiring neurodevelopmental processes, they also begin to master basic grammar, sentence structure, and even discourse devices. For instance, studies have shown that as early as the second grade, writers begin developing more cohesive writing through the use of linguistic connections such as referential pronouns and connectives (King and Rentel, 1979) . The increased use of such cohesive cues related to local coherence continues until around the eighth grade (McCutchen and Perfetti, 1982) . Such trends demonstrate that eighth grade essays contain more local coherence (i.e., connectives) between sentences than sixth grade essays (McCutchen, 1986) . At a later stage, generally in older children who are able to write more coherent texts, we see the development of more complex syntactic constructions (McCutchen and Perfetti, 1982) and the use of cognitive strategies such as planning and revising Berninger et al., 1991) . Development in sentence level processing and the use of cognitive strategies continue to be important factors in writing development until college and after .
Studies examining L2 writers also provide important information about writing development and its related linguistic processes. Unlike writing research in L1 writers, a considerable amount of research has been conducted on the role of linguistic features in L2 writing proficiency. This research has traditionally investigated the potential for linguistic features such as lexical diversity, word repetition, word frequency, and cohesive devices to distinguish differences among L2 writing proficiency levels (e.g., Connor, 1990; Engber, 1995; Ferris, 1994; Frase et al., 1999; Jarvis, 2002; Jarvis et al., 2003; Reid, 1986 Reid, , 1990 Reppen, 1994) . However, the dependency on such surface level variables has made it difficult to coherently understand the linguistic features that characterise L2 writing (Jarvis et al., 2003) .
Lexically, studies looking at linguistic development in L2 writers have demonstrated that higher rated essays contain more words with more letters or syllables (Frase et al., 1999; Grant and Ginther, 2000; Reid, 1986 Reid, , 1990 Reppen, 1994) . Syntactically, L2 essays that are rated as higher quality include more surface code measures such as subordination (Grant and Ginther, 2000) and instances of passive voice (Connor, 1990; Ferris, 1994; Grant and Ginther, 2000) . Additionally, such essays contain more instances of nominalisations, prepositions (Connor, 1990) , pronouns (Reid, 1992) and fewer present tense forms (Reppen, 1994) . From a cohesion perspective, most studies have examined the production of explicit devices such as connectives. Jin (2001) , for example, found that advanced Chinese graduate students writing in English produced more connectives than did intermediate Chinese graduate students. Similarly, Connor (1990) found that higher proficiency L2 writers used more connectives. Overall, studies examining differences in L2 writing proficiency demonstrate that linguistic variables related to cohesion and linguistic sophistication can be used to distinguish high and low proficiency essays.
Text comprehension
An important element of writing is the relationship between text production and text comprehension. Since our interest lies in investigating the effects of linguistic features on reader judgements of quality, it is important to discuss how linguistic features interact with text comprehension. Successful text comprehension is a multilevel process that depends first and foremost on word identification (i.e., decoding; Perfetti et al., 2005b) . Texts with less frequent words and a greater variety of words are more difficult to process, especially for less skilled readers and, thus, increase comprehension challenges for the reader. For instance, words that are less frequent and thereby less likely to be encountered by readers, have longer eye fixation times, and are more difficult to decode (Just and Carpenter, 1987) . In contrast, frequent words are processed more quickly and better understood (Haberlandt and Graesser, 1985) . Once the reader has identified a word (or a group of words) and its meaning, the reader must link that word to previous words in order to develop deeper level concepts. The process of linking words together into meaningful phrases and constituents is known as syntactic parsing. Once words are parsed together into units, the reader can begin to determine relations between the words and organise the words into concepts (Just and Carpenter, 1987; Raynor and Pollatsek, 1994) . If the syntax of a sentence is complex, higher demands are placed on working memory processing, especially for less skilled readers (Just and Carpenter, 1992) . These higher demands occur because less skilled readers cannot immediately construct the appropriate syntactic structures (Raynor and Pollatsek, 1994 ). However, skilled readers process complex syntax and less frequent words more quickly than less skilled readers, and assumedly are more familiar with a greater range of syntactic structures and words (Just and Carpenter, 1992; Raynor and Pollatsek, 1994) .
Once the reader has developed meaningful phrases, connections need to be made between these discourse constituents at the sentence level, paragraph level, and text level in order to develop a coherent mental representation of the text (Graesser et al., 2003) . These connections are generally strengthened by the presence of cohesive devices that maintain links among textual elements and develop coherence in the mind of the readers. It has generally been thought that essay quality is highly related to cohesion in that cohesive devices in essays help build coherent textual representations. This is reflected in the literature about writing (e.g., Collins, 1998; DeVillez, 2003) , as well as textbooks that teach students how to write (Golightly and Sanders, 1997). However, there have been few studies that have empirically investigated the role of cohesive devices and, by proxy, coherence, in essays. Cohesive devices include local linguistic elements (defined as explicit markers of coherence) taken from Halliday and Hasan's (1976) research on cohesion (e.g., reference, substitution, ellipsis, conjunction, repetition, and anaphora) as well as more global measures (implicit markers of coherence) such as causal relationships (Graesser et al., 2004) and semantic similarity (Foltz, 2007) . These linguistic features are important in connecting ideas to other ideas in order to develop a continuous theme as well as connect ideas with topics (Gumperz et al., 1984; Graesser et al., 2004) . Previous studies have demonstrated that the presence of such cohesive devices in text improves text comprehension (Gernsbacher, 1990) , especially for low-knowledge readers (McNamara et al., 1996) . However, whether these cohesive devices facilitate comprehension also depends on the needs of the reader. Indeed, there seems to be an advantage for low cohesion texts in aiding text comprehension for high-knowledge readers (McNamara, 2001; McNamara et al., 1996; O'Reilly and McNamara, 2007) . This 'reverse cohesion effect' is premised on the notion that high-knowledge readers, unlike low-knowledge readers, can successfully make the inferences needed to bridge the conceptual gaps that are in low-cohesion text. In fact, high-knowledge readers may benefit from low cohesion texts because gaps in cohesion force the reader to make connections in text that are not explicitly available (McNamara, 2001; O'Reilly and McNamara, 2007) . Thus, cohesion cues may be unnecessary, and potentially distracting when the material covered in a text is familiar to the reader. In general, then, cohesion may play an important role in facilitating coherence and, as a result, text comprehension, for low knowledge readers, but cohesion may be inversely related to text comprehension for high knowledge readers.
We are left, then, with conflicting perspectives on the role of linguistic features and the evaluation of essay quality on the part of expert raters. On one hand, features of writing associated with language sophistication may surpass features of writing that facilitate processing, such as higher cohesion and less complex linguistic features. If so, then higher judgements of essays quality on the part of expert readers would be characterised by more complex sentences, less frequent words, and fewer cohesive devices. The opposite of this perspective involves increased cohesion and less linguistic sophistication facilitating the reading process and, as a result, increasing judgements of essay quality. If this hypothesis held true, then the opposite pattern would be expected (that essay quality will improve as text cohesion and linguistic features related to text comprehension increase).
Automatic free-text assessment
Recent advances in various disciplines such as computational linguistics, discourse processing, and information retrieval have made it possible to computationally investigate measures of text and language comprehension that are important for understanding the textual effects of cohesion and linguistic sophistication. Together, these advances allow for the analysis of many surface and deep level factors of lexical sophistication, syntactic complexity, and text cohesion to be automated, affording accurate and detailed analyses of language to take place. The tool that perhaps best represents the synthesis of these advances is Coh-Metrix (Graesser et al., 2004; Graesser and McNamara, in press; McNamara and Graesser, in press ). Coh-Metrix measures text difficulty and cohesion through the integration of lexicons, pattern classifiers, part-of-speech taggers, syntactic parsers, shallow semantic interpreters, and other components that have been developed in the field of computational linguistics (Jurafsky and Martin, 2008) . Coh-Metrix analyses text on several dimensions of lexical cohesion including co-referential cohesion, causal cohesion, density of connectives, temporal cohesion, spatial cohesion, and latent semantic analysis (LSA). Coh-Metrix also reports on a variety of lexical indices related to sophistication such as psycholinguistic information about words (word concreteness, imagability, meaningfulness, and familiarity scores from the MRC psycholinguistic database; Coltheart, 1981), semantic features of words along with semantic relations between words (word polysemy and hypernymy values taken from WordNet; Miller et al., 1990) , word frequency indices (taken from the CELEX database), and a variety of lexical diversity indices (McCarthy and Jarvis, 2010) . Coh-Metrix also provides indices related to syntax using a parser based on Charniak (2000) . A brief overview of the Coh-Metrix indices commonly used in studies regarding text quality and text comprehension is given below.
Cohesion indices in Coh-Metrix
• Causal cohesion. Causal cohesion is measured in Coh-Metrix by calculating the ratio of causal verbs to causal particles. The causal verb count is based on the number of main causal verbs identified through WordNet (Fellbaum, 1998; Miller et al., 1990) . Causal cohesion is relevant to texts that depend on causal relations between events and actions. Causal cohesion also helps to create relationships between sentences or clauses (Pearson, 1974 (Pearson, -1975 .
• Connectives. Coh-Metrix assesses connectives on two dimensions. The first dimension contrasts positive versus negative connectives, whereas the second dimension is associated with particular classes of cohesion identified by Halliday and Hasan (1976) and Louwerse (2001) . These connectives are associated with positive additive (also, moreover), negative additive (however, but), positive temporal (after, before), negative temporal (until), and causal (because, so) measures. Connectives play an important role in the creation of cohesive links between ideas and clauses (Crismore et al., 1993; Longo, 1994) and provide clues about text organisation (van de Kopple, 1985) .
• Logical operators. The logical operators measured in Coh-Metrix include variants of or, and, not, and if-then combinations, all of which have been shown to relate directly to the density and abstractness of a text and correlate to higher demands on working memory (Costerman and Fayol, 1997) .
• Lexical overlap. Coh-Metrix considers four forms of lexical overlap between sentences: noun overlap, argument overlap, stem overlap, and content word overlap. Noun overlap measures how often a common noun of the same form is shared between two sentences. Argument overlap measures how often two sentences share nouns with common stems (including pronouns), while stem overlap measures how often a noun in one sentence shares a common stem with other word types in another sentence (not including pronouns). Content word overlap refers to how often content words are shared between sentences (including pronouns). Lexical overlap has been shown to aid in text comprehension (Douglas, 1981; Kintsch and van Dijk, 1978; Rashotte and Torgesen, 1985) .
• Semantic co-referentiality. Coh-Metrix measures semantic co-referentiality using LSA, a mathematical and statistical technique for representing deeper world knowledge based on large corpora of texts. LSA uses a general form of factor analysis to condense a large corpus of texts down to 300-500 dimensions. These dimensions represent how often a word occurs within a document (defined at the sentence level, the paragraph level, or in larger sections of texts) and each word, sentence, or text is represented by a weighted vector. The relationships between the vectors form the basis for representing semantic similarity between words, an important indicator of cohesion (Landauer et al., 2007) .
• Anaphoric reference. Coh-Metrix measures anaphoric links between sentences by comparing pronouns to previous references. For instance, if the current sentence contains a pronoun, Coh-Metrix calculates if previous sentences contain noun and pronoun references that agree in number (singular/plural), gender (male/female), and person (human/non-human) with the given pronoun. Anaphoric references are important indicators of text cohesion (Halliday and Hasan, 1976 ).
Lexical indices in Coh-Metrix
• Hypernymy. Coh-Metrix uses WordNet to report word hypernymy (i.e., word specificity). Coh-Metrix reports WordNet hypernymy values for all content words, nouns, and verbs on a normalised scale with 1 being the highest hypernym value and all related hyponym values increasing after that. Thus, a lower value reflects an overall use of less specific words, while a higher value reflects an overall use of more specific words.
• Polysemy. Coh-Metrix measures word polysemy (the number of senses a word has) through the WordNet computational, lexical database (Fellbaum, 1998) . Coh-Metrix reports the mean WordNet polysemy values for all content words in a text. Word polysemy is indicative of text ambiguity.
• Lexical diversity. Lexical diversity indices generally measure the number of types (i.e., unique words occurring in the text) divided by tokens (i.e., all instances of words), forming an index that ranges from 0 to 1, where a higher number indicates greater diversity. Traditional indices of lexical diversity are highly correlated with text length and are not reliable across a corpus of texts where the token counts differ markedly. To address this problem, a wide range of more sophisticated approaches to measuring lexical diversity have been developed. Those reported by Coh-Metrix include the Measure of Textual Lexical Diversity (MTLD) (McCarthy and Jarvis, 2010) and D (Malvern et al., 2004) . Lexical diversity indices relate to the number of words a writer knows.
• Word frequency. Word frequency indices measure how often particular words occur in the English language. The indices reported by Coh-Metrix are taken from CELEX (Baayen et al., 1995) , a 17.9 million-word corpus. Word frequency is an important indicator of lexical knowledge.
• Word information measures. Coh-Metrix calculates word information indices from the MRC psycholinguistic database (Wilson, 1988) . These indices include concreteness, familiarity, imagability, and meaningfulness. Words that reference an object, material, or person generally receive a higher concreteness score than an abstract word. More familiar words are more readily recognised, but not necessarily more frequent (compare eat to while). A highly imageable word such as cat evokes images easily and is thus scored more highly than a word such as however, which produces a mental image with difficulty. Words with high meaningfulness scores are highly associated with other words (e.g., people), whereas a low meaningfulness score indicates that the word is weakly associated with other words. All of these indices are important indicators of word knowledge.
Syntactic indices in Coh-Metrix
• Syntactic complexity. Syntactic complexity is measured by Coh-Metrix by calculating the mean number of words before the main verb, the mean number of high-level constituents (sentences and embedded sentence constituents) per word, and the average number of modifiers per noun phrase. Sentences with difficult syntactic constructions include the use of embedded constituents and are often structurally dense, syntactically ambiguous, or ungrammatical (Graesser et al., 2004) . As a consequence, they are more difficult to process and comprehend (Perfetti et al., 2005a) .
• Syntactic similarity. Coh-Metrix assesses syntactic similarity by measuring the uniformity and consistency of the syntactic constructions in the text. This index not only looks at syntactic similarity at the phrasal level, but also takes account of the parts of speech involved. More uniform syntactic constructions result in less complex syntax that is easier for the reader to process (Crossley et al., 2008) .
Coh-Metrix and judgements of essay quality
The power of Coh-Metrix has afforded numerous recent investigations into the role of linguistic features and writing quality as function of expert reader evaluations. These investigations have generally examined argumentative essays written by native speakers and non-native speakers (NNSs) of English. The studies help to explain the role linguistic features play in text comprehension by high knowledge readers and how the presence of linguistic features affects holistic and analytic judgements of texts. Below, we provide an overview of these investigations and summarise their implications for judgements of writing quality and text comprehension.
Human judgements of essay quality (native speakers of English)
An initial study was conducted to investigate the linguistic features of text that were important in explaining essay quality as a function of human ratings for native speakers of English. Of particular interest in this study was an examination of the role cohesive devices and indices related to linguistic sophistication have in explaining human ratings of essay quality. McNamara et al. (2010) collected a corpus of 120, un-timed argumentative essays written by college freshmen at a large university. They had expert raters (college composition instructors with at least three years of teaching experience) evaluate the essays using a holistic scoring rubric taken from the SAT. McNamara et al. were interested in two aspects of quality. The first aspect was categorical quality (could Coh-Metrix indices successfully distinguish between high and low proficiency essays). The second aspect of quality was continuous (could Coh-Metrix indices predict variance in the essay grades). For the first type of quality, the essays were divided into high and low groupings based on a median split and a discriminant function analysis based on the Coh-Metrix indices was used to categorise essays as high or low. For the second aspect of quality, McNamara et al. conducted a regression analysis using essay rating as the dependent variable and Coh-Metrix indices as the predictor variables to determine which linguistic features measured by Coh-Metrix were most predictive of essay ratings and accounted for the largest amount of variance associated with essay quality.
For both analyses, McNamara et al. (2010) used scores from a variety Coh-Metrix indices. The indices considered were from six classes: text information (e.g., number of words, number of paragraphs), co-reference (e.g., word and semantic overlap), connectives (e.g., positive logical connectives, logical operators, negative temporal connectives), syntactic complexity (e.g., number of words before the main verb, number of modifiers per noun phrase), lexical diversity (e.g., MTLD, M, D), word characteristics (e.g., word frequency, word hypernymy, word polysemy, word concreteness, word imagability). The initial analyses (ANOVAs and correlations) indicated that none of the co-reference or connective indices showed significant differences as a function of essay quality, nor were they significantly correlated with the essay scores. These results indicated that Coh-Metrix indices of cohesion (as measured by co-reference and the use of connectives) did not distinguish between the high and low quality essays.
However, the analysis did show that three linguistic indices related to lexical sophistication and syntactic complexity were predictive of essay quality. These indices were the number of words before the main verb, MTLD, and CELEX logarithm frequency including all words. Descriptive and ANOVA statistics for these variables are located in Table 1 . When these three indices were included in a discriminant function analysis, the resulting algorithm correctly classified 52 of the 80 essays in a training set (df = 1, n = 80) χ2 = 7.16, p < .01) and 28 of the 40 essays in a test set (df = 1, n = 40) χ2 = 6.20, p < .05). Thus, these three variables were able to accurately classify 67% of the essays as being either low or high quality essays. A stepwise regression analysis also showed that the indices significantly predicted essay ratings, F(1, 118) = 15.85, p < .001, r = .47, r 2 = .22, adjusted r 2 = .20. CELEX word frequency was a significant predictor (t = -3.43, p < .001) and accounted for 7.9% of the variance. The number of words before the main verb was also a significant predictor (t = 3.84, p < .001) and accounted for 11.8% additional variance. MTLD was not a significant predictor (t = .19, p > .05), but accounted for 2.5% of the variance (see Table 7 for additional information).
Overall, the McNamara et al. (2010) study indicated that human judgements of essay quality are best predicted at the linguistic level by linguistic indices related to lexical sophistication (i.e., word frequency and lexical diversity) and syntactic complexity (i.e., the number of words before the main verb). Indices related to cohesion were not significant predictors of human judgements of essay quality.
Human judgements of essay quality (non-native speakers of English)
The McNamara et al. (2010) study indicated that native speakers of English acting as expert raters likely relied on linguistic indices to inform their judgements of essay quality. Of interest are also the relationships between linguistic features and judgements of essay quality in reference to NNSs of English as reported by Crossley and McNamara (in press) . A contrast between NSs and NNSs provides the opportunity to investigate if the findings reported by McNamara et al. (2010) generalise to other types of expert readers (i.e., NNSs).
Crossley and McNamara (2010) used a corpus of argumentative essays written by high school students taking the Hong Kong advanced level examination (HKALE). The essays were administered to senior high school students and were designed to assess students' ability to understand and use English at the college level. The writing examination lasted for one hour and 15 minutes during which participants were expected to write a 500-word essay. The essays were graded by trained raters from the Hong Kong Examinations and Assessment Authority. The samples selected represented six of the seven grade levels assigned to HKALE (the grade of unclassifiable was left out). Thus, the grades ranged from A to F (including the grade of E). In this study, Crossley and McNamara controlled for the effects of text length by selecting only essays that had text lengths between 485 and 555 words. Table 2 .
Crossley and McNamara (in press) computed a linear regression analysis using the 12 selected variables to account for the variance in the raters' evaluations for the 344 essays in the corpus. The regression yielded a significant model, F(5, 338) = 28.278, p < .001, r = .543, r 2 = .295. Five variables were significant predictors in the regression: D (lexical diversity), word familiarity, CELEX content word frequency, word meaningfulness, and aspect repetition. Descriptive statistics for these five variables are provided in Table 3 . The model for the test set yielded r = .454, r 2 = .206. The model for the entire dataset yielded r = .509, r 2 = .259. The results from the entire dataset model demonstrate that the combination of the five variables accounted for 26% of the variance in the evaluation of the 514 essays that comprised their L2 writing corpus. The results of this analysis support the findings of McNamara et al. (2010) in that greater linguistic sophistication (in the form of greater lexical diversity, fewer familiar words, more infrequent words, and fewer meaningful words) characterised essays rated as higher quality by the expert L2 readers. Different from the McNamara et al. (2010) study was the inclusion of an index related to text cohesion (aspect repetition). However, this variable correlated negatively with human scores of essay quality indicating that the more cohesive essays, in terms of aspect repetition, were rated as lower quality.
Writing development as a function of grade level (L1 writers)
In addition to examining connections between essay scores and linguistic features in L2 texts, Crossley et al. (2010a) also conducted an analysis that examined differences in the production of linguistic features as a function of grade level. The purpose of this study was to examine linguistic differences in the writing samples of adolescents and young adult students at different grade levels to investigate whether writing styles changed in predictable patterns as writers developed proficiency. As in the previous studies, Crossley et al. were interested in linguistic development and conducted a variety of computational analyses using the computational tool Coh-Metrix on a corpus of scored essays. Unlike the McNamara et al. (2010) study, this analysis surveyed essays collected from three different groups of learners (ninth grade writers, 11th grade writers, and college freshman writers). The primary goals of the study were to connect increased writing proficiency with increased grade level, to test the model reported by McNamara et al. to predict the variance in the essays scores, and to examine linguistic differences among the essays as a function of grade level to investigate whether linguistic features other than those reported by McNamara et al. were important indicators of essay quality across grade levels. All of the essays collected for this study were timed argumentative essays (25 minutes) and were written in response to prompts used in the SAT writing section. The ninth grade writers and college freshman were given a choice between two prompts. The 11th grade writers all wrote on the same prompt. There was no overlap in prompts within the groups. Crossley et al. (2010a) collected 62 essays from 62 ninth grade writers, 70 essays from 70 11th grade writers, and 70 essays from 70 college freshmen. The essays were collected from three different geographic areas. The ninth grade essays were collected from a suburban school district in upstate New York. The 11th grade essays were collected from a suburban school in Washington, DC. The college freshman essays were collected from students attending Mississippi State University. Thus, the Crossley et al. corpus differed from the corpus analysed in McNamara et al. (2010) because the essays were timed; the prompts were general knowledge; and students of varying grade levels wrote the essays. As in the McNamara et al. (2010) study, expert raters scored each essay using a holistic rubric used in SAT essay scoring. Crossley et al. (2010a) first assessed differences in the quality of the essays among the grade levels by conducting an ANOVA comparing the human scores of essay quality. The ANOVA showed significant differences in human assessments of essay quality between the three levels of writers, F(2, 201) = 80.056, p < .001, h 2 = .446. Essays written by ninth grade students received the lowest score (M = 1.653; SD = 0.766) followed by 11th grade essays (M = 2.979; SD = 1.133) and essays written by college freshmen (M = 3.757, SD = 0.924). To ensure that prompt differences did not affect holistic scoring, Crossley et al. also conducted t-tests between the holistic scores for each essay at the ninth grade and freshman level based on the essay prompt. These analyses demonstrated no significant differences between the holistic scores of the essays as a function of prompt. Overall, these analyses support the hypothesis that writing quality increases as a function of grade level. Crossley et al. (2010a) Table 4 . Ninth grade essays were characterised by less lexical sophistication and syntactic complexity, but greater cohesion (e.g., greater incidence of connectives and greater word overlap). Source: Crossley et al. (2010a) These indices were then used as variables in a discriminant function analysis (DFA) to classify the essays based on grade level. The DFA correctly allocated 95 of the 135 essays in a training set (df = 4, n = 135) χ2 = 95.325, p < .001) for an accuracy of 70.4%. The DFA correctly allocated 51 of the 67 essays (df = 4, n = 67) χ2 = 58.104, p < .001) in a test set for an accuracy of 76.1%. The results provide strong evidence that the linguistic features of writing can be used to classify essays in terms of the grade level of the writer. Overall, this study demonstrated that linguistic differences at the text level, at the word level, at the syntactic level, and at the level of cohesion distinguish essays written at the ninth grade, 11th grade, and college level. The differences in grade level also reflect human judgements of essay quality in that significant score differences existed between the grade levels. Like the McNamara et al. (2010) and Crossley and McNamara (in press ) studies, indices related to lexical sophistication and syntactic complexity were important predictors of writer development and essay quality as seen in increased sophistication and complexity as a function of grade level. Like the Crossley and McNamara (in press) study, this study also demonstrated that cohesive devices were important indicators of writing development and essay quality; however, an increased use of cohesive devices was characteristic of writing at lower grade levels.
Analytic evaluations of essay quality
The previous studies we have discussed Crossley and McNamara, in press; Crossley et al., 2010a) all support the notion that cohesive devices have either little predictive power in assessing essay quality or are negative predictors of essay quality. A key assumption of these analyses was that the cohesive devices measured by Coh-Metrix had links to the building of coherent textual representations in the minds of readers. While these analyses seem to indicate that the cohesive devices measured by Coh-Metrix are not predictive of essay quality, they merely suggest that coherence is not an important factor of essay scoring. In order to assess the role of coherence in human scoring of essays, Crossley and McNamara (2010) investigated the potential for analytical scores of essay quality (e.g., essay cohesion, essay coherence, essay structure, strength of thesis, conclusion type) to predict holistic essays scores. Such an analysis permitted an examination of links between holistic essay scores and analytic factors to determine the importance of these features in predicting essay quality.
In their study, Crossley and McNamara (2010) examined the same corpus used in McNamara et al. (2010) . However, in their follow up study, they looked at not only the holistic scores of the essays, but also the analytic scores. So, instead of relying solely on computational indices to model overall essay quality, they instead concentrated on the investigation of human judgements of individual text features in relation to overall text quality. Included in the individual text features evaluated by human experts were two measures of coherence (a full list of the analytic features used in the analysis can be found in Table 5 ). They also examined if computational indices of cohesion could model human ratings of coherence. As in the McNamara et al. (2010) study, two expert raters with master's degrees in English and at least three years experience teaching composition classes at a large university rated 184 essays using both a holistic and analytic rubric. A Pearson correlation for each rubric evaluation was conducted between the raters' responses. If the correlations between the raters did not exceed r = .50 (which was significant at p < .05) on all items, the ratings were reexamined until scores reached the r = .50 threshold. Raters followed similar protocol for the holistic score, but were expected to reach an r >= .70. After the raters had reached an inter-rater reliability of at least r = .50 (r = .70 for the holistic score), each rater then evaluated the 184 essays that comprise the corpus used in this study. Once final ratings were collected, differences between the raters were calculated. If the difference in ratings on survey feature were less than 2, an average score was computed. If the difference was greater than 2, a third expert rater adjudicated the final rating. Crossley and McNamara (2010) then used a regression analysis to examine the predictive ability of the analytic scores to explain the variance in the holistic scores in a training set. Five variables were significant predictors in the regression: reader orientation (t = 6.668, p < .001) conclusion type (t = 5.068, p < .001), evidential sentences (t = 3.495, p < .001), topic sentences (t = 3.180, p < .010), and appropriate registers (t = -1.419, p < .050). Three variables were not significant predictors: relevance (t = 1.841, p > .050), continuity (t = 1.760, p > .050), and grammar, spelling, and punctuation (t = 1.486, p > .050). The latter variables were left out of the subsequent analysis. Table 5 Analytic ratings used in Crossley and McNamara (2010) Structure Clarity of division into introductions, argumentation, and conclusion.
Continuity
Strength of connection of ideas and themes within and between the essays' paragraphs (cohesion).
Introduction
Presence of a clear, introductory sentence.
Thesis statement Strength of the thesis statement and its attached arguments.
Reader orientation Overall coherence and ease of understanding.
Topic sentences Presence of identifiable topic sentences in argumentative paragraphs.
Evidential sentences
Use of evidential sentences in the argumentative paragraphs that support the topic sentence or paragraph purpose.
Relevance Degree to which argumentation in the paper contained only relevant information.
Appropriate registers
Degree to which the vocabulary in the essays followed the expected register.
Grammar, spelling, and punctuation
Accuracy of grammar, spelling, and punctuation.
Conclusion
Clarity of the conclusion Conclusion type Identifiable conclusion type.
Conclusion summary
Presence of summary within the conclusion including arguments and the thesis of the essay.
Closing Clarity of closing statements within the essay.
The linear regression using the five variables yielded a significant model, F(5, 117) = 89.693, p < .001, r = .891, r 2 = .793, demonstrating that the combination of the five variables accounted for 79% of the variance in the human evaluations of essay quality for the 123 essays examined in the training set. The model for the test set yielded r = .922, r 2 = .850. The results from the test set model demonstrated that the combination of the five variables accounted for 85% of the variance in the evaluation of the 61 essays comprising the test set.
This analysis indicated that text coherence was the most informative predictor of human judgements of essay quality, explaining 65% of the variance in the training set. Crossley and McNamara (2010) then attempted to identify if the cohesive devices reported by Coh-Metrix correlated with human judgements of coherence. Crossley and McNamara examined only those indices that had theoretical correlates with cohesion. These included indices related to semantic co-reference, causal cohesion, spatial cohesion, temporal cohesion, connectives and logical operators, anaphoric resolution, word overlap, and lexical diversity. Among these variables, only a few demonstrated significant correlations with the human ratings of coherence; however, the majority of these indices correlated negatively to the human ratings indicating an inverse relation between the selected cohesion variables and the human judgements of coherence. These indices included the proportion of anaphoric references between sentences, the incidence of causal verbs and particles, positive temporal connectives, causative subordinators, noun overlap, and stem overlap. The one index that demonstrated positive correlations, subordinating conjunctions, also had strong links to syntactic complexity. All other selected variables (i.e., indices related to semantic co-reference, logical operators, lexical diversity, spatial cohesion, and temporal cohesion) did not yield significant correlations with the human judgements of coherence. The indices with the highest correlations from this analysis are presented in Table 6 along with their r and p values. Table 6 Correlations between human ratings of coherence and Coh-Metrix indices of cohesion as reported in Crossley and McNamara (2010) Unlike the previous studies discussed in this paper, the Crossley and McNamara (2010) study indicates that human ratings of coherence are an important indicators of holistic evaluations of essay proficiency. However, how human raters construct a coherent mental representation does not correlate with the cohesive devices reported by Coh-Metrix.
Discussions
The findings from these studies indicate that argumentative essays judged to be of higher quality by expert human raters are more linguistically sophisticated, but at the same time contain fewer cohesive devices to facilitate text comprehension. Thus, higher quality essays may be more difficult to process, but demonstrate a greater mastery of language skills. From a processing perspective, higher rated essays contain fewer cohesive devices. From a sophistication perspective, higher rated essays contain more complex syntax and more rare words that do not promote meaningful connections and words that are less familiar and imageable. However, these differences do not seem to negatively affect the building of coherent mental representations on the part of expert raters, whose ratings of coherence strongly predict essay quality regardless of the absence of cohesion devices. Thus, when we revisit our earlier hypotheses that lexical and syntactic features of a text could either interact with cohesive devices such that lower sophistication and higher cohesion could predict increasing human quality scores or that linguistic sophistication could surpass the need for cohesion, we are left with evidence that the latter is true. We see, conversely, that text quality generally results from linguistic complexity at the lexical and syntactic level and that a lower incidence of cohesion devices promotes increased essay scores or has no effect on score. A short overview of these differences is provided in Table 7 .
As we see, human judgements of text quality generally increase as lexical sophistication increases. Such an effect is most prevalent in indices of lexical diversity and word frequency. In the three studies summarised in this paper, increasing lexical diversity is associated with increasing essay scores. The same is true for word frequency in that decreasing word frequency is associated with increasing scores. Similar trends are reported for word familiarity and word meaningfulness (decreasing values equate to increasing scores). In these instances, more sophisticated lexical features identify with increasing evaluations of essay quality. It is not the case, however, that increasing lexical sophistication always correlates with increasing judgements of text quality. In two instances, word concreteness and word polysemy, decreasing sophistication is associated with text quality. In reference to word concreteness, it is likely the case that concrete words demonstrate greater use of relevant supporting arguments and thus more concrete words relates to increased text quality. Increased polysemy also reflects greater ambiguity in word choice. Such ambiguity may be related to less concrete examples or, more likely, word frequency, in that frequent words are generally more polysemous (Crossley et al., 2010b; Davies and Widdowson, 1974) . Crossley et al. (2010a) A clearer picture emerges with syntactic complexity. In two of the studies reported above, an increase in syntactic complexity equated to an increase in human ratings of essay quality. In one case , the number of words before the main verb was indicative of higher essay quality. In the second case (Crossley et al., 2010a) , the number of modifiers in a noun phrase was predictive of essay quality. In both cases, the more difficult sentences were to process, the higher the human raters scored the essays. However, for L2 writers, differences in syntactic complexity do not appear to influence human judgements of essay quality (Crossley and McNamara, in press ).
A different story emerges when we examine the use of cohesive devices on the part of writers and their effect on human judgements of text quality. Generally, when text contains more cohesion, they are scored lower. For instance, Crossley and McNamara (in press) found that writers who used the same aspect more often in text were given a lower score than those writers that did not repeat aspect to the same degree. Similarly, Crossley et al. (2010a) found that a greater incidence of positive logical connectors and content word overlap was indicative of lower level writers. McNamara et al. (2010) , however, reported no effect on text quality as a result of cohesion. Overall, these studies support the notion that increased cohesion is not related to increased text quality and that, in many cases, an increase in cohesion is a negative predictor of text quality.
It is important to note however that increased linguistic sophistication and decreasing cohesion does not seem to affect text coherence for the expert raters in these studies. In fact, those essays scored the highest which contained higher levels of linguistic sophistication and lower levels of cohesion are also judged as most coherent by the raters. Not only are essays containing high levels of linguistic sophistication and low levels of cohesion judge to be coherent, but these judgements of coherences are the strongest predictors of holistic scores surpassing structural concerns, relevance of arguments, mechanics, register use, and the strength of introductions and conclusions. We hypothesise, then, that it is not a matter of cohesive devices producing coherent text for high level readers, but rather that texts with low cohesion allow high level readers to interact with the text in ways high cohesive texts do not. Such an effect is likely the result of the knowledge base available to expert raters. Expert raters are likely high-knowledge readers and, thus, can successfully make the inferences necessary to bridge the conceptual gaps that characterise low cohesion essays. Low cohesion might even benefit high-knowledge readers because conceptual gaps force the reader to make implicit connections explicit. Such gaps in the text oblige high-knowledge readers to interact with the text even when the text content may be familiar to them McNamara, 2001; O'Reilly and McNamara, 2007) .
Conclusions
This study has demonstrated the value of using automatic text evaluation to assess expert ratings of essay quality. Overall, we find that the use of the text evaluation tool Coh-Metrix can help us better understand the interplay between linguistic features and human judgements of essay quality. This interplay is complicated by the likelihood that expert raters are high knowledge readers and thus an increase in cohesive devices in the text may not lead to a more coherent representation of the text. However, it may be the case that our indices of cohesion measure only fundamentally basic elements of cohesion. New indices that take into consideration contextual factors such as the writing prompt may need to be developed. It may also be the case the cohesion is a property of cooperation among paragraph types (introduction, body, and conclusion paragraphs) and does not solely reside in isolation at the sentence, paragraph, or text level. Thus, new indices that measure links between paragraph types may prove beneficial. It may also be the case that the effects of text cohesion are important in assessing writing quality for low or middle knowledge readers or that cohesion cues are important in judgements of writing quality in genres outside of argumentative essays. Future studies should consider such factors and how they may interact.
